Even at a radiative emissivity of 1.0 and a hiqh :-onvective heat transfer film coefficient of 0.57 W/cm2 'C, the average coolinq rate was not chanqed by any more than a few nercent for absorbed power densities $>f 105 W/cm2 and greater.
The obvious conclusion is that when high power densities are utilized for skin melting, the subsequent rapid cooling phenomenon is controlled by conduction heat transfer.
A brief cooling rate analysis was conducted for aluminum to provide an indication of the influence of material thermal diffusivity on cooling rate. It was shown that while the theoretical maximum cooling rate in aluminum, based on cooling to one-half of the melt temperature , was 70% higher'than for nickel, the maximum cooling rate as melt thickness approaches zero was somewhat lower for the same absorbed specific power.
The reason for this is that if all the energy could be concentrated in the melt, the more highly conducting aluminum would cool faster.
However, due to the higher conductivity, surface heating energy is distributed over a larger initial volume in aluminum such that reduced temperature gradients and consequent reduced cooling rates are obtained. tions from three broad classes of nickel-has= i alloys; namely, the low melting point TLP-type eutectic alloys, the y' particle strengthened superalloys, and the new generation of filamentary, or lamellar eutectic superalloys.
Splat Quenching
Roth single and twin substrate.techniques were used to obtain samples of rapidly quenched alloys. The response of these different alloys to splat quenching will be suaauarized.
The low melting point brazing alloys typically gave an amorphous, or microcrystalline structure, depending on cooling rate. Figure 5 shows such structures in splat quenched TLP-21; nominal composition Ni-l%Zo-15Cr-SMo-2.75B.
In the amorphous condition, the microstructure is featureless except for the presence of a few rosette-shaped crystalline particles, Figure 5a ; the corresponding electron diffraction pattern shows diffuse rings with the strong inner ring centered on the position of the 111 ring of the crystalline material, Figure 5b. In the partially decomposed or microcrystalline condition, the microstructure is spherulitic dendritic, Figure SC , with dendrites composed of nickel solid solution (y phase) and interdendritic interstices containing fine particles of M23%, Figure 5d . This latter phase is not found in the normalascast structure, which consists of y + Ni3B eutectic , plus traces of other complex boride phases.
The effect of ageing on the decomposition of the amorphous alloy has been examined in detail and will be reported elsewhere.
In sharp contrast to the behavior of the low melting point B-rich eutectic alloys, an amorphous structure was not obtained by splat quenching of the y' particle strengthened nickel-base superalloys. Instead, these alloys invariably gave a fine dendritic structure , with varying degrees of microcrystallinity and phase deccmposition.
In all cases, no evidence was found for y' precipitation, but a strong indication was obtained for the presence of short- : contains a mixture of two primary phases (Y + W3S2), whereas alloys (a) and (b) contain only one primary phase (y).
All three alloys responded to skin melting by forming featureless regions, at least under the optical microscope.
Fiyure 10 shows a series of overlapping passes'in alloy (a), whereas Figure 11 shows a series of parallel passes with Varying interaction time in alloy (c).
The most sharply distinguishing feature of these two examples is the extensive cracking in alloy (c) , and the absence of cracking in (a). This has nothing to do with variations in skin melting parameters, but merely reflects the different strengths and ductilities of the substrates and skin melted regions.
Both the substrate and skin melted regions are very hard in al'loy (c), whereas they are much softer in alloy (a).
Thus, cracking is avoided, or at least reduced, in (a) because of the ability of the material to undergo plastic deformation in response to the thermal strains developed during quenchiny . In (cl, cracking typically took the form of a single longitudinal midrib crack, with many short transverse cracks, Fig. lld . Alloy (b) also showed extensive cracking, which is consistent with the presence in this alloy of a large volume fraction of the hard, brittle y + Ni3B eutectic, comparable with that in alloy (c).
Although the microstructures of the skin melted regions in these alloys appeared to.have no structure, close examination by SEM and TEZW techniques showed that this was not the case. On the contrary, alloys (a) and (b) were composed of an ultra-fine dendritic structure, Fig. 12a , whereas alloy (c) possessed a remarkable ultra-fine filamentary eutectic structure, Figure 12b . A general refinement in these structures was noted with decreasing thickness of the melt zone, as would be expected in view of the higher cooling rates.
Under polarized light, with the material in the as-polished condition, a columnar grain structure became visible in alloy (c), Figure 13 . Using this technique, it was shown that the superposition of two or more skin meating passes resulted in epitaxial growth, albeit with a thin transition layer of what appeared to be a spheroidixed structure.
A similar transition microstructure also occurs quite naturally at the interfaces between the melt zone and its substrate.
In alloys (a) and (b), the transition zone was quite wide, reflecting the wide melting range of TLP-21 (106O"C solidus-1200V liquidus). Selective melting of the eutectic, leaving the dendrites unmelted, can be seen in the transition zone of alloy (a) in Figure 10 .
Skin melting experiments performed on the eutectic superalloys gave a broad spectrum of microstructures, which differed mainly in degree, or scale, rather than in kind.
Under high cooling rates , the microstructure typically was composed of a fairly uniform distribution of MC carbide particles embedded in a solid solution matrix phase, similar to that found in splat quenched material. Under more moderate cooling rates, the structure was distinctly dendritic, with the MC carbide phase concentrated exclusively in the interdendritic interstices. These two representative types of microstructures are shown for a CoTaC-type eutectic alloy in Figure 14 . In the skin melted pass at 3kW -51 cm/set, Figure 14a . the MC carbide phase occurs as discrete particles having a platelet morphology, whereas in the skin melted pass at the lower cooling rate (3kW -12.7 cm/set) Fiyure 14b, the carbide phase has a filamentary morphology. The very fine scale of the filamentary eutectic structure can be appreciated by reference
to Figure 14c , which shows the transition zone between the skin melted layer and its substrate; the latter was solidified under carefufly controlled plane front conditions. This abrupt change in microstructure is illustrative Of the sensitivity of the microstructure in this alloy to eolidification conditions.
It is well known that a high ratio of temperature gradient to solidification rate, (C/R), is a prerequisite for coupled growth in this multicomponent, mono-variant eutectic alloy.
Further tests are being conducted to determine if it is at all possible to generate a fully eutectic structure on the scale shown in Figure 14b . Another noteworthy feature with respect to the response of these alloys to skin melting was the absence of cracking, both in the skin melts and in the substrate heat affected zones. Apparently, in these alloys, the solid solution matrix phase is sufficiently ductile as to ensure the necessary plastic acconrnodation in both skin melt and substrate during cooling from the melt.
In contrast to the behavior of the carbide eutectic alloys, skin melting of the y/y'-6 eutectic did not give a well organized, fine-scale lamellar eutectic structure.
In this case, the typical result was the development of a fine dendritic structure, Figure 15a , with some precipitation of y' and 6, but particularly the 6 phase. Moreover, cracking was observed in the skin melted regions, especially in the deeper skin melts, but not in the substrate. Evidently in this case, plastic deformation occurs quite freely in the substrate during fast cooling, and evidence for this is shown in Figure 15b . On the other hand, deformation is inhibited in the skin melted regions because of precipitation of y* and 6, which sharply increases the strength of the material. Figure 17 . The rather dramatic refinement in the scale of the dendritic structure following the first skin melting pass at 4 kW -3.5 cm/set is quite obvious in this micrograph.
A further refinement in structure occurs in the two additional overlapping skin melting passes just visible at the top of the micrograph.
When misoriented grains are present. in the epitaxial zone, Figure 17 indicates that these tend to be eliminated by faster growth of the more favorably oriented cube-oriented grains. Misorient& grains are frequently nucleated in the vicinity of y/y' eutectic lqcated at the melt/substrate interface.
Examination of the various interfaces in the skin melted material, Figure 17b , shows that in the first pass the structure develops by cellular growth, and as the.gradient falls off this degenerates into cellular dendritic and finally dendritic growth.
In the second and third passes, the cellular mode of solidification is predominant. More compelling evidence for epitaxial growth was obtained fran observations on the external surface of the skin melted material.
As shown in Figure 18 , the surface is covered with a network of intersecting slip bands, which are continuous despite extraordinary variations in the general appearance of the dendritic structure, Surface treatment by laser skin melting may be employed to uniformly disperse the carbides on a much finer scale, which might possibly improve the fatigue properties by making it more difficult to initiate cracks. Again, in the same application, the blade tip may be subject to excessive erosion.
This problem could conceivably be resolved by melting in an overlay coating that possesses the desired properties.
Overlay coatingsmight also benefit by skin melting to further protect the airfoil from oxidation and/or corrosion.
These few examples are illustrative of the potential of the skin melting technique for the surface treatment of superalloys. Similar advantages may be gained in other areas of structural applications, such as in the surface treatment of tools and bearings.
Finally, it should be mentioned that processing by skin melting is not limited to materials for structural applications. Interesting possibilities exist for the surface treatment of semi-conductors to promote epitaxial growth, and for the processing of materials for magnetic and superconducting applications.
